We cross-match objects from several different astronomical catalogs to determine the absolute proper proper motions of stars within the 30-arcmin radius fields of 115 Milky-Way globular clusters with the accuracy of 1-2 mas/yr. The proper motions are based on positional data recovered from the USNO-B1, 2MASS, URAT1, ALLWISE, UCAC5, and GAIA DR1 surveys with up to 10 positions spanning an epoch difference of up to ∼ 65 years, and reduced to GAIA DR1 TGAS frame using UCAC5 as the reference catalog. Cluster members are photometrically identified by selecting horizontal-and red-giant branch stars on color-magnitude diagrams, and the mean absolute proper motions of the clusters with a typical formal error of ∼ 0.4 mas/yr are computed by averaging the proper motions of selected members. The inferred absolute proper motions of clusters are combined with available radial-velocity data and heliocentric distance estimates to compute the cluster orbits in terms of the Galactic potential models based on Miyamoto and Nagai disk, Hernquist spheroid, and modified isothermal dark-matter halo (axisymmetric model without a bar) and the same model + rotating Ferre's bar (non-axisymmetric). Five distant clusters have higher-than-escape velocities, most likely due to large errors of computed transversal velocities, whereas the computed orbits of all other clusters remain bound to the Galaxy. Unlike previously published results, we find the bar to affect substantially the orbits of most of the clusters, even those at large Galactocentric distances, bringing appreciable chaotization, especially in the portions of the orbits close to the Galactic center, and stretching out the orbits of some of the thick-disk clusters.
I. INTRODUCTION
Globular clusters (GCs) are potentially very important tracers of the kinematics of the Galactic bulge and halo from the inner parts of the Galaxy to its distant outskirts. Despite their scarcity (about 150 objects) globular clusters have a number of important advantages over other, more populous halo probes (e.g. RR Lyrae-type variables and blue horizontal branch stars): the sample of currently catalogued GCs [23] is much more complete than the corresponding samples of RR Lyrae variables and blue horizontal branch stars, and due to the group nature of GSs their inferred parameters (e.g., heliocentric distances, heavy-element abundances and radial velocities) are much more accurate and reliable than those of individualS stars. Unlike the situation with the space distribution of the GC population, which is known rather accurately, the kinematical picture of this population remains incomplete in that we have to rely only on its one-dimensional projection with only one velocity component -the line-of-sight velocity -currently known more or less accurately for most of the clusters. The absolute proper-motion data for GCs [4-8, 12-17, 24, 27, 29, 30, 33, 37, 38, 42] still remains rather incomplete, not very accurate, or controversial.
In this paper we use the UCAC5 [40] catalog, whose reference frame is based on GAIA TGAS catalog [31] , and combine it with a number of all-sky and large-scale sky surveys (USNO-B1.0 [32] , 2MASS [35] , URAT1 citepU-RAT, WISE [28, 39] , and Gaia [18] ) released in the last couple of decades and based on observations acquired in ∼ 1950-2015 in an attempt to estimate the absolute proper motions of stars in the GC neighborhood, identify likely cluster members, and determine the average proper motions for most of the catalogued GCs. To provisionally validate our results, we estimate the average velocity components and the velocity dispersion components for the subsample of metal-poor GCs ([Fe/H] < -1.0) and compute Galactic orbits for all clusters of our sample.
II. DATA AND TECHNIQUE
Our aim is to compute the absolute proper motions of stars in the fields of globular clusters, identify the likely cluster members, and compute the mean proper motions of the clusters studied by averaging the inferred proper motions for selected cluster members.
We begin by estimating the proper motions of most of the stars in the fields of cluster considered based on the star positions recovered from a number of the most extensive sky surveys (USNO-B1.0, 2MASS, WISE, URAT1, UCAC5, GAIA DR1) containing good positional data.
The first step is to cross-match stars from these surveys in the cluster fields. To facilitate this task, we developed a command-line CROSSMATCH program [25] written in java programming language and serving as a convenient interface to the well-known STILTS program [36] . CROSSMATCH code is available at www.sai.msu.ru/groups/cluster/cl/crossmatch/Crossmatch_4.3.0.zip For each cluster we begin our analysis by crossmatching stars from the above catalogs within 30 acrmin of the cluster centers with a cross-match radius of 1 or 2 arcsec. The next step is to bring the positions adopted from the survey catalogs to the frame defined by Gaia DR1 positions and proper motions. The problem is that although bona fide 2015.0 positions are currently available for more than 1 billion Gaia stars, Gaia proper motions are available only for > 2 million stars of the Gaia TGAS subset [31] , which is evidently insufficient for proper astrometric reduction in cluster fields for two reasons:
1. The subset is insufficiently dense to provide enough stars per field 2. The subset consists of too bright stars, whose images are too saturated in the surveys considered and therefore their measured positions are fraught with systematic errors and cannot be used to determine reduction parameters for fainter stars.
To overcome this difficulty, we use the much deeper and more extensive UCAC5 catalogue [40] as our reference set instead of Gaia FR1 TGAS. According to its authors, UCAC5 should be a good extension of Gaia DR1 TGAS down to limiting magnitudes of ∼ 16.0 m and fainter. We therefore adopt UCAC5 positions as is without applying any corrections. Naturally, we treat published Gaia 2015.0 positions in the same way. We bring the WISE MJD=55400.0 (2010.5589) positions to UCAC5 frame via usual linear plate adjustment and do the same with 2MASS and URAT1 positions. As for USNO-B10, we reconstruct the positions of the star's images on individual Schmidt plates based on the information provided in the USNO-B1.0 Catalog [32] (the J2000.0 position, proper motion, and tangent-plane offsets -B1 ξ , B2 ξ , R1 ξ , R2 ξ , I ξ and B1 η , B2 η , R1 η , R2 η , I η -along the x-and y-directions with respect to the mean-epoch position). Again, we perform linear plate adjustment using UCAC5 stars located within 30 arcmin of the cluster centre as reference objects and adopting individual USNO-B1.0 plate epochs from plate logs at the page http://www.nofs.navy.mil/data/fchpix/cfhelp.html#plogs of the site of USNO Flagstaff Station Integrated Image and Catalogue Archive Service (see [9] ). As a result, we obtain a maximum of ten positions (a maximum of five reconstructed Schmidt plate positions from USNO-B1.0 + Gaia position + one UCAC5 position+ one reconstructed position from each of the 2MASS, URAT1, and ALLWISE catalogs per star north of δ= -33.0 o , and a maximum of three reconstructed Schmidt plate We then identify the likely cluster members by selecting stars from the horizontal and red-giant branches and the main sequence in the cluster color-magnitude diagrams based on 2MASS data and compute the average proper-motion components along right ascension and declination.
To validate our technique, we also determine the proper motions of nearby globular clusters (i.e., those whose horizontal-and red-giant branch stars are well within the UCAC5 limiting magnitude) based on the original UCAC5 proper motions of the cluster members, and compare the results with those obtained for fainter, main-sequence stars of the cluster determined from the UCAC5-calibrated USNO-B1.0, 2MASS, URAT1, and WISE survey positions combined with UCAC5 and GAIA DR1 positions (where available). We find the bright-star and faint-star based proper motions for nearby clusters to be fairly consistent, thereby confirming the validity of the adopted procedure and showing it to introduce no appreciable magnitude-dependent biases.
III. RESULTS

A. PROPER MOTIONS AND THEIR ERRORS
We used the data and technique described above to compute the absolute proper motions of stars in the fields of 115 Milky-Way globular clusters and determine the average absolute proper motions of the clusters. The results are summarized in Table I . Columns 1 and 2 of give the J2000.0 equatorial coordinates of the cluster center, column 3 and 4 give the name and alternative name of the cluster, respectively. Column 5 gives the apparent tidal radius of the cluster in acrmin, columns 6 and 7, the apparent V -band magnitude of the horizontal branch and the apparent V -band distance modulus, respectively. Columns 8 and 9 give the inferred cluster proper-motion component in right ascension and its standard error in mas/yr, respectively, and columns 10 and 11, the propermotion component in declination and its standard error, respectively. Columns 12 and 13 give the Galactic coordinates the cluster center, and columns 14, 15, 16, and 17 give the average heliocentric radial velocity, heliocentric distance, E B−−V color excess, and metallicity [Fe/H], respectively. Practically all data except the proper motions (columns 8-11) are adopted from the catalog of Harris [23] . The radial velocities of E3, ESO452-SC11, and Djorg 2 are adopted from the papers [10] , [26] , and [11] , respectively. 
IV. GALACTIC POTENTIAL MODEL
In this paper we use a model gravitational potential of the Galaxy, which includes both axisymmetric and non-axisymmetric parts. The axisymmetric part is represented by three components: the Miyamoto and Nagai disk [19] , Hernquist spheroid [20] , and modified isothermal dark-matter halo. The formulas for the potentials of these three components have the following form:
(1)
Here we use the following parameter values: 0.7, V halo = 1.15, d = 12 (all distances are in kpc). We choose these constants so as to ensure that the resulting rotation curve in the Galactic disk would fit the rotation curve based on recent data about the kinematics of Galactic masers [21] , implying a circular velocity rotation of about 237 km/s at the solar circle (we adopt R 0 = 8.3 kpc throughout this paper).
The non-axisymmetric part of the gravitational potential is represented by the Galactic bar, which we modeled by a Ferrer's bar with index n = 2 [22] . In this model the bar has the shape of an ellipsoid of rotation with the semimajor and semiminor axes equal to a bar = 4 kpc and c bar = 1 kpc, respectively, and the axis of rotation located in the symmetry plane of the Galaxy. The density distribution in the adopted bar model has the form:
where
The formula for the gravitational potential in the Cartesian coordinate system associated with the bar (the x-axis directed along the semimajor axis of the bar, the z-axis points toward the North Galactic Pole, and the x-axis directed along the semiminor axis of the bar so as to make the right-handed coordinate system) has the following form: 
The coordinates x, y, z in equation 5 are nondimensionalized by dividing them by parameter ε. The integrated coefficients w ij are defined as:
where ψ (x, y, z) is the function of coordinates equal to the solution of the equation
Throughout this study we assumed that at the present time the orientation angle of the bar with respect to the Galactic center-Sun direction is equal to 45
• (the first quadrant). We assumed the angular velocity and mass of the bar to be 50 km/s/kpc and 10% of the Galactic disk mass (M bar = 10 10 M sun ).
V. ORBITS
We computed the orbits of 115 Milky-Way globular clusters in terms of two models of the gravitational potential of the Galaxy: a purely axisymmetric model (disk+spheroid+halo) and a model, which, in addition to the above three components includes a rotating bar. Five of 115 clusters -Terzan 3, NGC 5634, Rup 106, Pyxis, and Pal 2 -have escaping trajectories, which are most likely due to to large errors of the inferred proper motions of these clusters resulting in the total velocities greater than the escape velocities at the corresponding locations (all these clusters are quite far away from the Sun at heliocentric distances ranging from 20.6 to 38.5 kpc, which explain the large errors of their proper motions and transversal velocities). We computed the orbits of all clusters orbits for 2-Gyr forward, except for IC 1257, NGC 6101, NGC 6229, and NGC 6715. The latter four clusters are too distant to make more than one revolution within 2 Gyr and we integrated their orbits for 5 Gyr forward. The parameters of the resulting globular-cluster orbits are listed in Tables II (for the model Table II gives the following quantities: cluster name; (R min ) min and < R min > (the minimum and average pericentric distance, respectively);(R max ) max and < R max > (the maximum and average apocentric distance, respectively); (|z| max ) max and < |z| max > (the maximum and average distance from the symmetry plane of the Galaxy, respectively); < e >, the estimated average eccentricity of the cluster orbit; E, the total mechanical energy per unit mass of the cluster in 100km/s 2 , and h, the projection of the specific angular momentum of the cluster onto the symmetry axis of the Galaxy (in 100 kpc · km/s). All distances are in kpc. In the case of the axisymmetric model potential E and h are conserved. Table III differs from Table III in that it gives the minimum, maximum, and average values of E and h (E min , E max , E avg , h min , h max , and h avg ) because the total mechanical energy and projection of the orbital momentum onto the Galactic symmetry axis are nor conserved in the case of the barred potential (the bar brings explicit dependence on time and angle into the Hamiltonian of the cluster). When computing the total mechanical energy of the cluster we set the gravitational potential equal to zero at the Galactocentric distance of 300 kpc (adopted boundary of the Galaxy). ures on the right) . Interestingly, the correlation between the metallicity and average eccentricity, which shows up conspicuously in for orbits computed with axisymmetric potential with the most metal-poor clusters have almost exclusively high eccentricties (Fig. 11 ) disappears if the orbits are computed in the barred potential (Fig. 12) .
Unlike the conclusions reached by the authors of the so far most extensive observational study of the orbits of a total of 54 Galactic globular clusters [1, 2] , we find that the bar has appreciable effect on the orbits of all clusters: it destroys the orbital boxes and randomizes (chaotizes) the orbits. The effect of the bar on distant orbits is weaker (central parts of the orbits mostly get entangled), which is to be expected given the 10% contribution of the bar to the effective mass. Orbits of some of the thick-disk clusters are literally "stretched out" by the bar and become, on the average, closer to the Galactic center. Typical examples include such clusters as E3, NGC 104, and NGC 5927 whose orbits we show in Figs. 13 and 14. We defer a more detailed analysis of the cluster orbits to our forthcoming paper.
VI. CONCLUSIONS
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